The single cell gel electrophoresis assay (Comet assay) was selected as a biomarker of exposure to evaluate the impact of air pollution and lifestyle variables on hospitalized pregnancies in two districts with different air pollution levels in northern (Teplice) and southern (Prachatice) Bohemia. The hypothesis was that the DNA damage detected as single strand breaks would be generally higher in the district with higher air pollution levels. To undertake the study we enrolled 322 pregnancies in Teplice and 220 in Prachatice. Venous and cord blood were analysed using the original alkaline Comet assay procedure with lysis for 60 min, unwinding for 40 min and electrophoresis for 24 min. We also used a modified procedure in which unwinding was prolonged to 60 min and electrophoresis to 40 min. Peripheral white blood cells (WBC) were analysed using an image analyser system. When we analysed the results obtained for mothers and their children no differences were found between polluted and control districts. The prolongation of alkali unwinding and electrophoresis did not increase sensitivity of the assay. No effects of prematurity, ethnicity, smoking or GSTM1 polymorphism were observed for any of the Comet parameters. Multiple regression analyses were performed for the European population in = 285). A statistical model was fitted to determine the relationship between the Comet parameters of mothers and their children. According to our results it seems that the Comet assay was not a particularly sensitive technique to determine the effects of environmental pollution at the DNA level if peripheral WBC are used.
Introduction
The single cell gel electrophoresis assay (Comet assay) evaluates DNA migration as a result of damage and repair induced by mutagens and carcinogens in individual cells. The alkaline microgel technique developed by Singh et al. (1988) (pH > 13) is able to detect DNA single strand breaks and alkalilabile lesions. Many genotoxic agents induce single strand breaks indirectly, through creating alkali-labile apurinic sites, which are converted to breaks during electrophoresis in high pH solution.
Recently, Collins et al. (1997) put forward the concept that the comet tail is made up of DNA relaxed loops and that the number of loops in the tail indicates the number of DNA breaks. This model fits with the observation that with increasing amounts of DNA damage the tail intensity (measured as the percentage of DNA in the tail) increases. According to this concept relaxation of supercoiled loops, rather than alkali unwinding, is the primary reason for comet tail formation.
The Comet assay has recently been used for various in vitro and in vivo studies to monitor exposure to mutagens and carcinogens that induce DNA damage (Tice, 1995) . In molecular epidemiology studies DNA damage evaluated by the Comet assay is utilized as a biomarker of exposure. Tice (1995) , in his review, rated the Comet assay the most sensitive method available because it detects damage in individual cells. The number of studies applying this methodology for biomonitoring are still limited. Large population studies have been presented only by Betti et al. (1994 Betti et al. ( , 1995 and Frenzilli et al. (1997) .
The aim of our study was to evaluate the impact of air pollution and lifestyle variables on hospitalized pregnancies in two districts with different annual average air pollution levels i.e. in northern and southern Bohemia (Teplice and Prachatice). The Comet assay was selected to determine DNA damage induced by environmental exposure, especially by exposure to polycyclic aromatic hydrocarbons (PAHs), in mothers and their newborn children and to evaluate the transplacental transfer of DNA damaging compounds. This study is a part of the project 'Pregnancy Outcome under the Teplice Program' (Srdm et al., 1996) . The main hypothesis of the project was that the pregnancy outcome should generally be worse in the district with the higher pollution level (Teplice). In both districts air pollution data were collected, including information about the concentrations of air particles < 10 \im (PM10), SO 2 , NO,, PAHs and toxic metals. Dejmek et al. (1996 Dejmek et al. ( ,1997 had previously observed consistent and significant associations between intra-uterine growth retardation and increased levels of SO2 and PM10 in the very early stages of gestation in the district of Teplice.
Materials and methods

Selection of subjects
Informed consent was obtained from each subject prior to the start of the study. The population under study was composed of 322 mothers from the district of Teplice and 220 mothers from the district of Prachatice, together with their newborn children. The Comet assay was used in a nested casecontrol study. Women with pregnancies <37 weeks or with babies weighing <2500 g were classified as cases. Every fifth mother giving birth to a baby with normal parameters was selected systematically from the whole cohort and used as a control. Personal and lifestyle data (active and passive smoking and alcohol consumption) were obtained from self-administrated questionnaires, together with information about reproductive history, work and environmental exposures, health status, diseases and medication. The blood samples were collected during the period April 1994-May 1996. The blood used in the Comet assay was processed within a maximum 24 h period after collection of samples. The Comet assay was performed immediately after blood transportation from the districts of Teplice and Prachatice.
Comet assay
The Comet assay was performed according to the method of Singh et al. (1988) with some small modifications (Tice and Andrew, 1995) , uiing both the original and the new procedures. For the original procedure fully frosted slides were covered with a first layer of \% agarose (120 JJJ). Ten microlitres of whole blood were mixed with 0.75* low melting point agarose (total 'To whom correspondence should be addressed. Tel: +420 2 475 2596; Fax: +420 2 475 2785; Email: sramfebiomed.cas.cz volume 85 pj/slide). A second layer of agarose with cells was poured over the first layer. Both layers of agarose were solidified at 4°C. Lysis was carried out for 60 min (the lysing solution contained 2.5 M NaCl, 0.1 M Na 2 EDTA, 10 mM Tris, 1% Triton X-100, 10% dimethylsulfoxide, pH 10), alkali unwinding for 40 min and electrophoresis for 24 min at 20 V (0.67 V/cm, 300 mA). The same buffer was used for both alkali unwinding and electrophoresis (300 mM NaOH, 1 mM Na 2 EDTA, pH 13.0) and these procedures were performed at 4°C under dim light. After electrophoresis neutralizing buffer was applied (0.4 M Tris, pH 7.5) and the nuclei were stained with ethidium bromide (20 mg/ml). This procedure was used to analyse the peripheral white blood cells (WBQ collected in the period April 1994-January 1995.
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On the advice of R.Tice (R.Tice, Personal Communication) the procedure was modified to a 'new' procedure, changing the time of alkali unwinding to 100 60 min and electrophoresis to 40 min. This new procedure was used to analyse samples collected in the period February 1995-April 1996.
The samples were analysed using an image analyser system (Comet v.2.3; Kinetic Imaging Ltd, UK). The following Comet parameters were evaluated for 100 images/sample: percentage of DNA in tail (%T), tail length (TL) and tail moment (TM = %TXTL). Means and medians of these parameters for 100 images were used for characterization of each individual subject
Determination o/GSTMl genotype
The glutathione 5-transferase Ml gene (GSTM1) polymorphism was determined using PCR as described by Zhong et aL (1993) , with a slight modification (DNA isolated from placenta was used). Two of the three primers used could also anneal to another class M gene (GSTM4), while the third was specific for the GSTMI gene. The GSTM1 null genotype was identified on the basis of absence of the GS7^/7-specific fragment. The consistent presence of the other fragment was used as an internal standard to detect failure of the amplification reaction.
Statistical analysis
Statistical analysis was performed using the SAS 6.11 package. Non-parametric procedures, namely the Wilcoxon two samples test and the Kruskal-Wallis test, were chosen for group-wide evaluation of individual data Using this group-wide evaluation we analysed the effects of prematurity (pregnancy <37 weeks) and low birth weight (child weighing <2500 g), ethnicity (European or Gypsy origin), smoking and GSTMI polymorphism upon the Comet assay parameters. Evaluation of the associations between comet parameters and various individual characteristics, lifestyle factors and pollutants was performed by multiple regression analysis. In the regression model we analysed: age of mother at delivery, length of pregnancy, weight of child at delivery, Comet characteristics according to the median concentration of pollutants SO2 and NOj during the last 30 and 90 days before delivery. Discrete regressors were the determined region (Teplice versus Prachatice), smoking habit (smokers versus non-smokers) and genotype (GSTMI±).
Results
When we analysed the results obtained for mothers and for their children from the polluted and control districts no differences were found between the two regions. The application of both procedures gave similar descriptive results for the Teplice and Prachatice districts (Table I) , even when different samples were analysed. The prolongation of alkali unwinding and electrophoresis did not increase sensitivity of the assay. Therefore, the latter statistical analyses relate to the samples analysed by the 'new' procedure.
The summary statistics concerning the effects of prematurity, ethnicity and smoking for both districts together are shown in Table n . Women with pregnancies <37 weeks or with babies weighing <2500 g were classified as cases. Each fifth noncase birth was selected as a control. No effect of prematurity on Comet parameters in mothers or their children was observed.
The populations in our study were mostly of European origin; only ~12% of individuals originated from Gypsy families. Gypsies, who originated in India, differ from Europeans in many biological and social characteristics. These differences did not affect any Comet parameters in mothers or their children.
In our study no effect was found on any Comet parameter if mothers were divided into smokers and non-smokers. Also, no effect was detected in their children.
The effects of GSTMI were analyzed only in a subset of the mothers (n = 83). For no parameters used was any effect observed (Table HI) .
Multiple regression analyses were performed only for the European populations (Table IV) . Complete data sets were available for 285 couples. Significant correlations (P < 0.05) were found between %T, TL and TM in mothers and children (r = 0.2-0.9), always highest for the same parameter. Weak but significant correlation coefficients were observed for exposure to SO 2 : exposure to SO 2 during the last 30 days affected %T in mothers and children (r = 0.23 and 0.21 respectively) and TM in mothers (r = 0.20); exposure to SO 2 for the last 90 days affected TL and TM in mothers (r = 0.13). No effect of nitrogen oxides was observed.
In the next step a possible relationship between Comet parameters and the particular regressors was analysed. A relationship between %T in children and birth weight was found:
%T chmedkn = 4.49911 + 0.0003Xweight (P = 0.068) This equation indicates that %T ch increases with birth weight.
One may question the biological meaning of such a result. If %T ch decreased for birth weights <2500 g, this means that this parameter is not informative for an adverse reproductive outcome at lower birth weight.
The DNA content in the tail was also related to SO 2 exposure: From all regression analyses determining the Comet parameters only three final models were statistically and biologically significant. It may be that Comet parameters in children are primarily determined by their mothers.
Discussion
Our study is based on a relatively large data set: 194 cases were analysed using the original procedure and another 348 using the modified procedure. Altogether, >1000 Comet analyses in both mothers and children were performed. We predicted that the Comet assay would detect the effects of environmental pollution on DNA damage in the peripheral WBC of mothers and their newborn children. The impact of environmental pollution in the Teplice disctrict has already been observed by Binkova et al. (1996) , who used the Comet assay to study the effects on postal workers of personal exposure to respirable particles and PAHs. The Comet parameters analysed in lymphocytes correlated with exposure to respirable particles. Isolated lymphocytes were also used in human studies by Betti et al. (1994 Betti et al. ( , 1995 , Sardas et al. (1995) and Duthie et al. (1996) , in which the Comet assay was shown to be sensitive enough to determine the effects of smoking and anti-oxidant status. The results of these studies indicated that isolated lymphocytes are sensitive to elevated PAH exposure due to smoking or environmental pollution. Also, the experimental data with single PAH compounds, such as benzo [a] pyrene, indicate that the Comet assay was sufficiently sensitive to detect DNA damage induced by PAHs in vitro (Hartman and Speit, 1995) as well as in vivo (Sasaki et al., 1997) .
In our study we used peripheral WBC. The processing of whole blood derived from our original aim to find a simple method useful for human biomonitoring (Hartman et al., 1994 (Hartman et al., , 1995 . However, no effects of air pollution in the polluted and control districts or effects of prematurity, ethnicity, smoking or GSTM1 polymorphism were observed. During the period of our study no significant differences in average monthly concentrations of PAHs in the two districts were observed. However, the concentrations of PM10, SO 2 and NO^ were significantly increased in the Teplice district (Topinka et al., 1997) . It may be hypothesized that higher SO 2 and NO, levels 102 in the Teplice district compared with the Prachatice district produce higher levels of sulfo and nitro derivatives of PAHs. At least some of them are known to be more genotoxic than the original PAHs (Green et al, 1991 (Green et al, , 1994 .
We could not compare the effects of air pollution on DNA damage in WBC and isolated lymphocytes. These effects could be studied on the same blood samples. It may be speculated that WBC represent a mixture of different cell populations with different DNA repair capacities, as well as lifespans. Comparing our results with previous studies using isolated lymphocytes it seems that, especially at low doses of exposure to mutagens, such as environmental exposures, isolation of lymphocytes could be more appropriate.
Our large data set, in which no dramatic differences among various groups were found, showed a relationship between the median values of relevant Comet parameters calculated for mothers and their children. These may be interpreted as showing a relationship between the same genetic damage in both mothers and children. According to our results the Comet assay does not seem to be sufficiently sensitive to detect the impact of environmental pollution, at least in the peripheral WBC which we used.
